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Abstract 



The present invention relates to apparatus for laser-induced hyperthermis or photodynamic therepy, more particularly to an 
apparatus combining an optical fiber with a laser lucent needle. As is well known, lasers produce an intense beam of 
electromagnetic radiation of high spectral purity which can be coilimated to a fine degres with high radiation densities, small 
angular divergences, and long coherence length. Such properties make lasers particularly attractive for a variety of medical 
uses. The use of lasers to induce hyperthermia in tissue involves the insertion of an optical fiber into tissue. Without any 
additional protection, the fiber must be able to withstand insertion and withdrawal forces without fracturing or shedding mate rial. 

Any accident during hyperthermia which leaves behind material which may not be easily retrieved could be disastrous. I 1 
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(57) The present invention relates to apparatus for 
laser-induced hyperthemriis or photodynamic therapy, 
more particularly to an apparatus combining an optical 
fiber with a laser lucent needle. 

As is well known, lasers produce an intense beam 
of electromagnetic radiation of high spectral purity which 
can be colHmated to a fine degres with high radiation 
densities, small angular divergences, and long coher* 



ence length. Such properties make lasers particularly 
attractive for a variety of medical uses. 

The use of lasers to induce hyperthermia in tissue 
involves the insertion of an optical fiber into tissue. With- 
out any additional protection, the fiber must be able to 
withstand insertion and withdrawal forces without frac- 
turing or shedding material. Any accident during hyper- 
thermia which leaves behind material whteh may not be 
easily retrieved could be disastrous. 
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Description 

BACKGROUND AND SUMMARY OF THE INVENTION 

[0001] The present Invention relates to apparatus for 

laser-Induced hyperthennia or photodynamic therapy, 
more particularly to an apparatus combining an optical 
fiber with a laser lucent needle. 
[0002] As Is well known, lasers produce an intense 
beam of electromagnetic radiation of high spectral purity 
which can be collimated to a fine degree with high radi- 
ation densities, small angular divergences, and long co- 
herence length. Such properties make lasers particular- 
ly attractive for a variety of medical uses. 
[0003] The use of lasers to Induce hyperthemila in tis- 
sue Involves the insertion of an optical fiber into tissue. 
Without any additional protection, the fiber must be able 
to withstand insertion and withdrawal forces without 
fracturing or shedding material. Any accident during 
hyperthennia which leaves behind material whteh may 
not be easily retrieved could be disastrous. 
[0004] Additionally, it is desirable to control the diffu- 
sion of laser energy transmitted from the end of the op- 
tical fiber The amount of scattering of laser energy in a 
parttoular tissue can be a critical factor in hyperthermia 
treatment. The degree of tissue scattering will detenmine 
the required diffusion of the energy transmitting end of 
the optical fiber. Therefore, it Is desirable to provide a 
means for controlling the energy transmitted by the end 
of the optical fiber by diffusing the radiated energy for 
reduced energy density at the surface of the needle. 
This provides a needle energy delivery system that will 
prevent the development and deposit of charred mate- 
rials on its surface while providing a design that will re- 
sist fracturing and the shedding of material. The reduc- 
tion in energy density achieved by these techniques al- 
lows control of the thermal profile, which not only pre- 
vents charring and blocking of the photons, but also al- 
lows the optimization of hyperthemiia therapy required 
to achieve the desired clinical results. 
[0005] Alternative uses of the laser technology in- 
clude the use of lasers to treat tumors, where the re- 
quirement of matching the heated volume to the size of 
the tumor can best be met by an apparatus in which the 
irradiation wavelength, and thus the penetration depth 
of the laser energy, can be changed. Although fluores- 
cent dyes are usefui for the conversion of the irradiation 
wavelength, the introduction of generally carcinogenic 
dyes into human tissue can cause serious health risks. 
Therefore, It Is desirable to provide an apparatus which 
utilizes fluorescent dyes to convert the irradiation wave- 
length, while preventing the dye from leaking Into the 
surrounding tissue. 

[0006] it is a feature of the present invention to space 
the needle shaft from the internally disposed optical fib- 
er. This permits liquid or gas cooling of the fiber, the nee- 
dle and the adjacent tissue and pemnlts the introduction 
of scatterers, dlff users or wavelengthshifting dyes within 



the interior of the needle. The ability to cool the tissue 
adjacent to the inserted needle enables improved con- 
trol over the thenmai profile in the tissue volume, which 
can be critical in hyperthermia. Encasement of an opti- 
5 cal fiber in a needle Is itself known, for example, In U.S. 
Patent No. 4,336,809, issued to Clark, a transparent 
cladding is in close contact with an optical fiber core. 
The optical needle disclosed by Claric acts as a linear 
side radiator. 

10 [0007] A probe for photo epilation is disclosed in U.S. 
Patent No. 3,834,391 , Issued to Block, In that patent, a 
long, shallow tapered body terminates in a tapered tip. 
which holds the energy transmitting end of the fiber. The 
polished end of the fiber is flush with the exterior surface 

IS of the body. The specification of the Block patent cau- 
tions that the user must be careful in handling the probe 
because breakage of the sheathed fiber is possible. 
[0008] A laser optic device for the treatment of blood 
vessels is disclosed in U.S. Patent No. 4,564,011, is- 

20 sued to Goldman. An optical fiber is concentrically dis- 
posed within a catheter, upon which a tapered probe is 
mounted such that the optical fiber itself is not in a pen- 
etrating portion in use. Laser energy is directed by a lens 
through the needle to an area approximately the size of 

2s the diameter of the needle. 

[0009] U.S. Patent No. 4,905,689, issued to Stack, et 
al., discloses means for directing a laser beam circum- 
ferentially through windows that are concentrically dis- 
posed around the conical tip of the needle, rather than 

30 through a substantial portion of the shaft of the needle 
itself. In a preferred embodiment, the windows are 
fonned from sapphires, rubies or diamonds and allow 
the laser beam to be directed to atherosclerotic plaque. 
[0010] Finally. U.S. Patent No. 3,467.098. issued to 

3S Ayres, discloses a hand stylus connected to a remote . 
laser source by a closed conduit but which does not en- 
case an optical fiber, nor is the device insertable like a 
needle. 

[0011] The present invention provides a laser lucent 
40 needle which may be used as a sheath for the insertion 
of optk:al fibers and diffusing tips, and then retrieved 
completely intact without a significant risk of leaving for- 
eign material behind in the tissue. The optical fiber is 
positioned within a laser transparent needle which per- 
45 mits the transmission of laser energy through the walls 
of the needle. Any optical fiber fragments resulting from 
the fracturing or shedding of the fiber are thereby mini- 
mized or eliminated. This eliminates a significant risk of 
leaving foreign material behind in the tissue. Conse- 
co quently, the transparent needle pemnlts the use of inex- 
pensive and reusable optical fibers and diffusion tips. 
[0012] Another distinct advantage of the present in- 
vention is that the configuration of the transparent nee- 
dle may be adapted to control the diffusion of the energy 
55 transmitted from the optical fiber. Scatterers, such as 
small plastic balls loaded with refractive scattering pow- 
der, may be placed in the tip of the needle to diffuse the 
energy transmitted from the fiber. Altematively, high-re- 
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fractive-lndex powder or material may be positioned 
within the walls and the end of the needle to provide a 
means for diffusing the laser energy. These embodi- 
ments of the present invention not only lower the power, 
density at the tissue interface to increase the safety of s 
hyperthermia, but also simplify the design and manufac- 
turing of the optical fiber. 

[0013] Speclficaiiy, the present invention comprises 
an apparatus for the transmission of laser energy to tis- 
sue including a hollow, transparent needle having a io 
shaft and a tip, and adapted to transmit laser energy at 
least through a substantial portion of the length of the 
shaft. At least one optical fiber is disposed within the 
needle and extends into a penetrating portion of the nee- 
dle, the fiber being adapted to transmit laser energy from is 
one of its ends. Means, such as a spacer can be dis- 
posed within the needle to retain the fiber in a particular 
position within the needle, for example centrally. The 
needle has a configuration such that Its interior surface 
is spaced from the exterior surface of the fiber. 20 
[001 4] in a specific embodiment, one end of the nee- 
dle is closed and tapered. Means for scattering the laser 
.» energy transmitted from the optical fiber may be posi- 
tioned within the closed end of the needle to diffuse en- 
ergy transmitted from the fiber. Alternatively, an energy 25 
converter may be placed in the same position within the 
needle to convert the wavelength of energy transmitted 
from the fiber and alter its penetration depth. The place- 
ment of either refractive scattering material or energy 
converting material positioned within the walls and the so 
cl osed end of the needle itself are further alternative em- 
bodiments. 

[0015] In another embodiment, the needle is open- 
ended. The needle can be fitted with a solid, removable 
stylus to facilitate insertion, after which the stylus can 35 
be withdrawn and replaced by either an optical fiber or 
by a specialized instrument for such uses as obtaining 
biopsies or spectrographic tissue analysis. Such a pro- 
cedure can be conducted before or after hyperthemnla 
treatment of the tissue by replacing optical fiber in the 40 
needle with such a specialized instrument or vice-versa. 
[0016] These alternative embodiments of the trans- 
parent needle provide a means to customize the needle 
for differing hyperthemnla and/or surgical or clinical re- 
quirements. However, the basic embodiment of the 45 
present invention consistently provides an inexpensive, 
disposable or reusable means to protect the optical fiber 
from insertion and withdrawal forces and to reduce the 
risk of introducing fiber fragments into the tissue. Ulti- 
mately, the transparent needle and laser lucent appara- so 
tus of the present invention make it feasible to use less 
expensive laser equipment in the clinical application of 
laser energy interstitial ly In living systems. 
[0017] In still another embodiment of the present In- 
vention, means are provided for the hyperthermia treat- S5 
ment of benign prostate hypertrophy (BPH). While it is 
well known that lasers can be used to induce hyperther- 
mia In tissue, almost all of the clintoal applications for 



such hyperthermia have been associated with the treat- 
ment of malignant tumors. Diffusing tips have been de- 
signed by others and used for photodynamic therapy in 
volumes of fluids, such as inside the bladder Current 
techniques for hyperthenmia of the prostate involve rhi- 
crowaves and heated probes; diffusion of laser light dur- 
ing interstitial applications has not been standardized In 
practice. The present invention facilitates the treatment 
of BPH with laser-induced hyperthemnla. In accordance 
with an embodiment of the present Invention, an optical 
fiber with a diffusing tip is inserted into the lucent needle 
which has been inserted directly Into the prostate 
through, for example, a rectal approach under ultrasonte 
visualization and guidance. Particularly In such an ap- 
plication, integrity of the components is critical. Portions 
of the tip must not be broken off and left embedded in 
the tissue. The fiber mount Itself must be able to with- 
stand Insertion and withdrawal without fracturing or 
shredding material. An accident during hyperthemnla 
that leaves material behind within the prostate could be 
disastrous since there Is no easy way to retrieve this ma- 
terial. 

[0018] Use of concepts of this invention, can assure 
proper and safe diffusion of the light within the prostate 
tissue. By inserting a transparent needle into the pros- 
tate (or tumor) as a sheath for the insertion of an optical 
fiber and diffusing tip, retrieval can be complete without 
any signtftoant risk of leaving foreign material behind, 
and with minimum side effects. 

BRIEF DESCRIPTIOIM OF THE DRAWINGS 

[0019] These and other features of the present inven- 
tion may be more fully understood from the followi ng de- 
tailed description, taken together with the accompany- 
ing drawings, wherein similar referenced characters re- 
fer to similar elements throughout and in which: 

FIGURE 1 is a partial sectional view of an apparatus 
according to a prefen^ed embodiment of the present 
Invention, illustrating the incorporation of the diffus- 
ing tip placed on the energy transmitting end of the 
optical fiber; 

FIGURE 2 is a partial sectional view of an apparatus 
of this invention including a spherical scatterer po- 
sitioned adjacent to the closed end of the transpar- 
ent needle; 

FIGURE 3 Is a partial sectional view of an apparatus 
of this invention illustrating the incorporation of a re- 
flector positioned adjacent to the closed end of the 
needle and a spacer positioning of the transmitting 
end of the optical fiber; 

FIGURE 4 is a partial sectional view of an apparatus 
of this invention illustrating the Incorporation of mul- 
tiple optical fibers and a scatterer which is adapted 
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to retain the energy transmitting ends of the fibers 
in position within the needle; 

FIGU RE 5 is a partial sectional view of an apparatus 
of this invention with refractive scattering material 
positioned within the walls and closed end of the 
needle; 

FIGURE 6 is a partial sectionai view of an apparatus 
of this invention illustrating the incorporation of a 
lens at the energy transmitting end of the optical fib- 
er; 

FIGURE 7 is a partial sectionai view of a double 
needle apparatus of this invention including a liquid 
contained within the core of the interior needle; 

FIGURE 6 is a partial sectional view of an apparatus 
of this invention illustrating the placement of an en- 
ergy wavelength converter in the closed end of the 
needle; 

FIGU RE 9 is a partial sectional view of an apparatus 
of this Invention incorporating energy converting 
material within the wails and the closed end of the 
needle; 

FIGURE 10 is a partial sectional view of a simple, 
basic configuration where additional diffusion 
means are not required; 

FIGURE 11 is a partial sectionai view of a simple, 
basic, multiple-fiber configuration; 

FIGURE 12 is a partial sectional view of an open- 
ended configuration, containing a removable stylus 
which can be used during insertion; and 

FIGURE 1 3 Is a schematic view of the use of appa- 
ratus of this invention in the hyperthemiia treatment 
of BPH. 

DESCRIPTION OF THE ILLUSTRATIVE 
EMBODIi^ENT 

[0020] A detailed illustrative embodiment of the 
present invention is disclosed herein; however, it should 
be recognized that various structural elements may be 
embodied in a wide variety of forms, some of which may 
be quite different from those specific stnjctural and func- 
tional details disclosed herein. Consequently, the details 
disclosed herein are merely representative; yet, in that 
regard, they are deemed to afford the best embodiment 
for the purposes of disclosure to provide a basis for the 
claims herein which define the scope of the present In- 
vention. 

[0021] Referring initially to FIGURE 1, a preferred 
form of a laser lucent apparatus constructed according 



to the present invention is fomied of a hollow, generally 
cylindrical, transparent needle 10, concentrically dis- 
posed about a commercially available optic fiber 1 2. The 
needle has a shaft and a tip and is preferably construct- 

s ed of optical quality plastic, such as polycarisonate or 
polymethylmethacrylate (PMI\/IA), so that the needle 10 
may transmit laser energy at least through a substantial 
portion of the length of the shaft. As illustrated in FIG- 
URE 1, energy may radiate outward from the fiber 12 

10 and be transmitted through the tip and shaft of the nee- 
dle, including a portion of the shaft located behind the 
tip of the fiber. 

[0022] In a prefaced embodiment, the outside diam- 
eter of the needle 1 0 may be as large as 3 millimeters. 

15 However, the size of the outside diameter will be deter- 
mined by the desired usage of the present invention. 
The needle wall is thin relative to the needle diameter, 
e.g., 0.3 millimeters, to minimize the heating of the wail 
resulting from the transmission of energy from the fiber 

20 12. Generally, a wall thickness of 0.1 to 1 .0 millimeters 
is useful. 

[0023] The fiber 1 2 is connected at its distal end to a 
laser source (not shown), and extends into a penetrating 
portion of the needle 10, i.e. a portion that is intended 

25 to penetrate into the tissue to be subjected to hyperther- 
mia and/or photodynamic therapy. The fiber 12 is re- 
tained in position in the center of the needle 10 by re- 
taining means or a spacer 1 4 which bridges the distance 
between the outside surface of the fiber 1 2 to the interior 

30 surface of the needle 1 0. Additional spacers may be in- 
corporated and disposed along the length of the fiber 1 2 
as required to retain the fiber 12 in position within the 
needle 10. In a preferred embodiment, the spacer 14 Is 
porous to allow the flow of gas or liquid throughout the 

55 needle 10. In this particular embodiment, the spacer 14 
has porous, flexible disks 15 of potytetrafluorethylene 
(Teflon) and an Inner layer 1 7 of polycariDonate. 
P)024] In use, the needle 1 0 and fiber 1 2 assembly is 
inserted within tissue as a means to help protect the op- 

40 tical fiber 12 from fracturing or shedding. Although not 
shown, the needle 10 may be open at the end proximal 
to the energy transmitting end of the fiber 1 2, as dictated 
by its usage. However, it is preferred that the proximal 
end of the needle be closed. 

45 [0025] As illustrated in FIGURE 1 , a closed end 16 of 
the needle 1 0 may be tapered or conically shaped. How- 
ever, an Infinite variety of shapes which are heat-fonmed 
made with inserts, epoxy-dipped or other suitable 
means may be used. The closed end 16 prevents any 

50 fragments of the fiber from exiting the needle 10, and 
introducing fiber fragments onto the tissue. It also pre- 
vents body fluids, such as blood, from entering the 
space between the fiber 12 and the needle 1 0, and thus 
interfering surrounding tissue. The distal end of the nee- 

55 die is open to provide for the connection of the fiber 12 
to a laser source (not shown). 
[0026] In tissues having moderate scattering, the la- 
ser lucent apparatus must deliver energy to the outside 
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surface of the needle 10 with both an acceptably low 
and uniform energy density and a connect angle of Inci- 
dence. To effect this, a diffusing tip 18 may be placed 
on the energy transmitting end 20 of the fiber 12. Such 
diffusing tips are usually fomied of quartz and are com- 
mercially available, such as the 4400 Series spherical 
and cylindrical diffusers from LaserTherapeutics. Inc. 
The incorporation of a diffusing tip 18 within the Interior 
of the needle 10 of the present invention results in an 
Increase in the diffusion of the laser energy prior to its 
contact with the tissue. The increased area of the needle 
surface, as compared to the tip area, greatly lowers the 
power density at the tissue interface. This alleviates a 
problem of overheating at the tissue/tip Interface 
present when a bare tip is used, while in^adiating the 
same volume of tissue. 

[0027] When the closed end 1 6 of the needle 1 0 Is not 
in Intimate contact with the tissue or fluid to be irradiated, 
an air void may be present in front of the closed end 1 6 
of the needle 1 0. In air, the point of the closed end 16 Is 
a light-focusing element which would produce a hot spot 
In front of the end of the needle. To counteract this effect, 
as illustrated in FIGURE 2, a scatterer 22 may be posi- 
tioned adjacent to the closed end 16 of the needle 10. 
The scatterer 22 may take any of many fonns, such as 
a spherical ball formed of plastic and loaded with refrac- 
tive scattering fomied of plastic and loaded with refrac- 
tive scattering powder such as alumina, or may take oth- 
er forms suitable for diffusing energy. The exact location 
of the scatterer 22 Is not critical. However, the scatterer 
22 acts to diffuse the energy transmitted from the energy 
transmitting end 20 of the fiber 12 and to prevent the 
overheating of the closed end 16 of the needle 10. A 
particular scatterer of the fomn shown In FIGURE 2 can 
be obtained by mixing 30% of alumina in epoxy and 
fomning the material into balls of a suitable size, e.g., 
about 1 .5 millimeters diameter. 
[0028] FIGU RE 3 illustrates the incorporation of an al- 
ternative forni of the scatterer. in the embodiment Illus- 
trated in FIGURE 3, a reflector or mirror 24 diffuses the 
energy transmitted from the fiber 1 2. A concave annular 
mirror is shown, however, alternative reflector shapes 
will result in varied irradiation pattems. Moreover, it is 
not necessary that the mirror 24 be a total reflector, as 
a partial reflector incorporated with a diffusing scatterer 
in the mln-or body will combine both effects and require 
less precise positioning within the needle 10. 
[0029] FIGURE 4 illustrates the incorporation of a 
scatterer which is adapted to retain the energy transmit- 
ting end 20 of a bundle of fibers 1 2, 28 and 30 in position 
within the needle 1 0. A retainer scatterer 26 is preferably 
made of optical quality plastic, such as optical epoxy 
loaded with about 30% by weight of refractive scattering 
powder, such as sapphire powder and shaped such that 
the energy transmitting end 20 of the fibers may be mat- 
ingly received within its core. As illustrated, the retainer 
scatterer 26 may be an abbreviated cylinder with bores 
extending partially through its central axis. The diame- 



ters of the bores are slightly larger than the diameter of 
the fibers 1 2 to hold the fibers 1 2 in a concentric position 
within the retainer scatterer 26. The outside surface of 
the scatterer 26 is constructed to abut the interior sur- 
s face of the cylindrical portion of the needle 10 and its 
forward face is bevelled to somewhat radially distribute 
the laser light energy. As illustrated, the retainer spacer 
26 may replace the spacer 1 4 as the means for retaining 
the fiber 12 in position within the needle 10. 

10 [0030] The incorporation of a bundle of fibers, includ- 
ing a second fiber 28 and a third fiber 30 is made pos- 
sible by the diameter of the needle 10. It should be un- 
derstood that the number of optical fibers Incorporated 
may be modified acconding to the desired usage. The 
energy transmitting ends of the fibers may also take sev- 
eral f onms, such as flat or slanted, to control the angular 
spread of the transmitted energy. 
[0031 ] in the case of highly-scattering tissue, only uni- 
form spreading of the energy is required (the angle of 

20 incidence becomes irrelevant). FIGURE 5 illustrates the 
incorporation of a flat-ended fiber 12 which is mounted 
a spaced distance from the closed end 1 6' of the needle 
10*. The distance between the transmitting end of the 
fiber and the closed end of the needle determines the 

25 spread of the laser beam. By placing the energy trans- 
mitting end 20 of the fiber set back from the closed end 
16 of the needle 10, the angular spread of the energy 
transmitted is increased. The Incorporation of refractive 
scattering material 32, such as diamond powder, within 

30 the walls and the closed end of the needle 1 0 serves to 
diffuse the energy transmitted from the fiber. The scat- 
tering material 32 may be placed in the walls by admix- 
ture prior to forming the needle. 
[0032] Refen-ing to FIGURE 6, the incorporation of a 

35 lens positioned at the energy transmitting end 20 of the 
optical fiber 12 is Illustrated. Divergence of energy trans- 
mitted from the fiber 12 may be induced by bringing the 
energy to a focus with a lens 34 positioned at the energy 
transmitting end 20 of the fiber 12. In the embodiment 
illustrated in FIGURE 6, a spherical lens is mounted'at 
the end of the fiber 12 and retained in position within the 
interior of the needle 1 0 by a lens support 36 formed of 
Teflon and connecting the exterior surface of the lens 
34 to the Interior wall of the needle 10. The lens 34 may 

^5 be a spherical lens, a high-retractive-index negative 
lens e.g. of sapphire, or any other suitable lens capable 
of diverging the energy. As described above, the amount 
of Illumination of the needle length may be altered by 
modifying the position of the lens 34 and the energy 

50 transmitting end 20 of the fiber 1 2 relative to the closed 
end 1 6 of the needle 1 0. 

[0033] The use of laser technology to treat tumors re- 
quires matching of the heated volume to the size of the 
tumor. Consequently, a laser lucent apparatus for use 
55 in the treatment of tumors must be able to meet the re- 
quirements of a changeable irradiation wavelength, and 
thus a changeable penetration depth of the energy. FIG- 
URE 7 Illustrates a pretended embodiment of the present 
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invention which utilizes fluorescent dye conversion to 
modify a laser punrtp wavelength. As illustrated In FIG- 
URE 7. the optical fiber 12 Is concentrically positioned 
within the needle 1 0'* by one or mora porous spacers 
14. For treating tumors, lasers in the blue to green range 
are prefen^ed, such as argon ion lasers. A liquid suitable 
for fluorescent conversion, such as a fluorescent dye 38, 
is disposed within the Interior of the needle 1 0". A fluo* 
rescent dye in the color range from orange to near-inf ra 
red is preferred, however any suitable dye may be used. 
Although not shown, circulating means may be added 
to the laser lucent apparatus to circulate the dye solution 
through the interior of the needle 10" for cooling of the 
dye. An added benefit of having a cooled liquid in the 
needle 10" Is that it will provide more control over the 
steady-state thennal profile established In the surround- 
ing tissue, both preventing the overheating of the nee- 
dle-tissue Interface and keeping the Inner temperature 
gradient flat. 

[0034] Fluorescent dyes are generally carcinogenic, 
thus requiring safety considerations to prevent the leak- 
ing of the dye 38 from the interior of the needle 10. To 
this end, a second needle 40 is illustrated in FIGURE 7. 
The second needle 40 Is also constructed of a optical 
quality plastk: with a configuration similar to that of the 
needle 1 0". However, the second needle 40 is config- 
ured to enclose the first needle 10" within its interior. 
[0035] The shape of the second needle 40 Is essen- 
tially a hollow cylinder with a closed end 42. The diam- 
eter of the second needle 40 is sufficiently larger than 
the diameter of the needle 1 0" to allow the second nee- 
dle 40 to completely enclose the first needle 10" within 
its interior while allowing an Interstitial space between 
the exterior surface of the first needle 1 0" (either by co- 
axial cantilever support (not shown) or by one or more 
spacers and the interior surface of the second needle 
40. Thus, the second needle 40 provides a second bar- 
rier between the fluorescent dye 38 positioned within the 
Interior of the first needle 1 0" and the surrounding envi- 
ronment. Safety considerations suggest a monitoring of 
the interstitial space between the first needle 10" and 
the second needle 40 for the appearance of leaking flu- 
orescent dye. 

[0036] In altematlve embodiments for needles appro- 
priate In treating tumors, an energy converter is Incor- 
porated, and more particulariy, a solid-dye Insert 44, po- 
sitioned adjacent to the closed end of the needle 1 0, as 
illustrated in FIGURE 8, facing the energy transmitting 
end 20 of the fiber 1 2 which Is supported by one or more 
spacers 14. The solid-dye insert 44 may have many 
shapes depending on the desired usage and the desired 
area of illumination of the needle 1 0. Such an insert may 
be fonned of polymethylmethacrylate (PMMA) or poly- 
vinyl chloride (PVC) containing 0.01 to 10% of dye, for 
example, PMMA containing 1% of Rhodamine 6G. An 
alternative embodiment of the dye insert 44 includes the 
addition of a coating of a dielectric reflector on the Insert 
44 to reflect Inward-emitted radiation back into the tis- 



sue. Cooling of this embodiment of the present invention 
may be attained by the circulation of air within the interior 
of the needle 10 or the circulation of a liquid, such as 
saline. 

5 [0037] As illustrated in FIGURE 9, an energy convert- 
ing material, such as a dye 46, e.g., Rhodamine 6G, may 
be embodied within the wails and closed end of the nee- 
dle 1 0"> during the polymerization of the plastic. The en- 
ergy converting dye 46 converts the wavelength of the 

10 energy transmitted from the fiber 1 2 to increase its suit- 
ability for treating tumors. This embodiment of the 
present invention may be cooled in the same manner 
as described in the paragraph above. 
[0038] Refemng to FIGURES 10 and 11, more gen- 

is eralized laser lucent needle structures are provided. 
The device of FIGURE 10 is similar to that of FIGURE 
2, but omits the scatterer 22 of FIGURE 2 for those ap- 
plications where control of the laser energy applied is at 
lower levels than with the device of Figure 2 or where a 

20 hot, undfffused tip Is desired. The device of Figure 1 1 is 
similar to that of FIGURE 4 but omits the retaining scat- 
terer pf FIGURE 4; the forward faces of the individual 
fibers are bevelled. 

[0039] In FIGURE 1 2, the needle 1 0"^ Is open ended, 
25 at 1 6'v. A solid stylus 50, e.g. of metal, sized to slidably 
close-fit the interior of the needle 10^^ jg disposed within 
the needle 1 0'^, and facilitates insertion of the open end- 
ed needle 1 0*^, preventing tissue or body fluid from en- 
tering the needle 10'v. After insertion, the stylus 50 can 
30 be withdrawn and replaced by either one or more optical 
fibers or by a specialized Instrument. For example, view- 
ens or snippers or other instmments having a clinical 
purpose, such as for biopsies or for spectrographic tis- 
sue analysis, can be inserted and withdrawn through the 
35 needle. Such clinical procedures can be conducted be- 
fore or after hypertiiermia treatment of the tissue by ei- 
tiier first placing laser optical fibers in the needle fol- 
lowed by replacement with the desired instrument, or 
vice-versa. 

40 [0040] Refemng to FIGURE 13, a metiiod for treating 
BPH is shown schematically. An optical fiber 52 receiv- 
ing light from a laser 54 Is placed in a needle casing 56. 
The fiber-needle structure 52-56 can take any of the 
fomis previously discussed herein with respect to rec- 

^5 tum, guided visually by means of ultrasound, as known. 
The tissue in a region 60 surrounding the center of the 
lobe 58 is heated to a temperature of about 45-52**C for 
a period of time of from about one to about 30 minutes. 
This heating Induces a slow necrosis of the central tls- 

50 sue volume of the gland, and dead cells are eventually 
metabolized, thus reducing the total mass of the gland. 
The procedure can be repeated for the other lobe 62. 
[0041] By delivering the laser light through an optical 
fiber Inserted with its tip in the targeted tissue, the region 

55 of elevated temperature is limited to exclude the capsule 
. of the gland or any tissue external to the gland itself. 
Use of a needle encasing structure of any of the preced- 
ing FIGURES serves to make this procedure safe and 
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effective with minimum side effects. 
[0042] Although described for purposes of clarity with 
regard to specific preferred embodiments, the present 
invention is not limited to those embodiments, but rather 
Is applicable broadly to all versions falling within the 5 
scope and spirit of the appended claims. For example, 
the needle may be equipped with surface themnocou- 
pies with wires carried through the Interior. Additionally, 
fluoroscopic tracldng may be facilitated by the addition 
of markers made of an appropriate material which are io 
coated on the outside of the needle 10 distal to the ra- 
diation area. Asymmetric energy deposition may be 
achieved by adding mirror strips to the interior wall of 
the needle, where they may be cooled. Finally, the ad- 
dition of a light retum monitor to the laser lucent appa- is 
ratus of the present invention may be Incorporated to 
detect a sharp Increase In energy from the fiber, which 
would indicate fiber breakage. 



Claims 

1. Apparatus for the transmission of laser energy to 
tissue, comprising: 

25 

a hollow, laser light lucent needle having a shaft 
and a tip, and adapted to transmit laser energy 
at least along a substantial portion of the length 
of the shaft and the tip; and 
at least one optical fiber disposed within the 30 
needle and extending into a penetrating portion 
of the needle, the fiber being adapted to trans- 
mit laser energy from its end adjacent said pen- 
etrating portion; 

the needle having a configuration such that its 
interior surface is spaced from the exterior sur- 
face of the fiber. 

2. The apparatus of claim 1 including a spacer fonmed 

to axiaily support the fiber within the needle. 40 

3. The apparatus of claim 2 wherein the end of the 
penetrating portion of the needle is tapered. 

4. The apparatus of claim 1 wherein the end of the 
penetrating portion of the needle Is closed. 

5. The apparatus of claim 4 wherein the energy trans- 
mitting end of the fiber is spaced from the closed 
end of the needle. so 

6. The apparatus of claim 1 wherein the end of the 
penetrating portion of the needle Is open. 

7. The apparatus of claim 6 including a solid stylus in ss 
said needle slldabiy close-fit to the interior surface 

of the needle. 



8. The apparatus of claim 1 wherein the fiber includes 
a diffusing tip at its energy transmitting end, the tip 
being adapted to diffuse the energy transmitted 
from the fiber. 

9. The apparatus of claim 1 further comprising a scat- 
terer positioned adjacent the closed end of the nee- 
die, and adapted to diffuse the energy transmitted 
from the fiber 

10. The apparatus of claim 2 wherein the scatterer is 
spherical. 

1 1 . The apparatus of claim 9 wherein the scatterer is a 
reflector 

12. The apparatus of claim 2 wherein the spacer is a 
scatterer positioned adjacent to the closed end of 
the needle, and adapted to diffuse the energy trans- 
mitted from the fiber 

13. The apparatus of claim 4 wherein the closed end of 
the needle further Includes refractive scattering ma- 
terial adapted to diffuse the energy transmitted from 

the fiber 

14. The apparatus of claim 4 wherein the needle further 
Includes refractive scattering material positioned 
within the walls and closed end of the needle, the 
refractive material being adapted to diffuse the en- 
ergy transmitted from the fiber 

1 5. The apparatus of claim 1 wherein the fiber includes 
' a lens at its energy transmitting end, the lens being 

adapted to diffuse the energy transmitted from the 
fiber 

1 6. The apparatus of claim 1 5 wherein the lens is spher- 
ical. 

17. The apparatus of claim 15 wherein the- lens is a 
high-refractlve-index negative lens. 

1 8. The apparatus of claim 4 further comprising a liquid 
disposed within the needle. 

19. The apparatus of claim 18 wherein the liquid Is a 
fluorescent dye. 

20. The apparatus of claim 18 further comprising a sec- 
ond hollow, transparent needle adapted to transmit 
laser energy; 

the second needle being shaped such that 
first needle is receivable within its Interior with the 
interior surface of the second needle spaced from 
the exterior surface of the first needle. 

21 . The apparatus of claim 4 further comprising an en- 
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ergy converter positioned adjacent the closed end 
of the needle, and adapted to convert the wave- 
length of the energy transmitted from the fiber. 

22. The apparatus of claim 4 wherein the needle further s 
includes wavelength-converting material posi- 
tioned within the walls and closed end of the needle, 
the converting material being adapted to convert 
the wavelength of the energy transmitted from the 
fiber. io 

23. A method for treating benign prostate hypertrophy 
comprising inserting at least one optical fiber into a 
lobe of a prostate gland and directing laser light 
through said optical fiber into said lobe to heat tis- '5 
sue of said lobe to an elevated temperature for a 
time sufficient to Induce necrosis of said tissue. 

24. The method of claim 23 In which said optical fiber 

is contained in a laser light lucent needle. 20 

25. The method of claim 24 in which said needle has a 
shaft and tip, and is adapted to transmit laser ener- 
gy at least along a substantial portion of the length 

of the shaft and through the tip, said optical fiber 25 
being disposed within the needle and extending Into 
a penetrating portion of the needle, the fiber being 
adapted to transmit laser energy from its end adja- 
cent said penetrating portion, said needle having a 
configuration such that its interior surface Is spaced 30 
from the exterior surface of the fiber. 

26. The method of claim 23 in which said optical fiber 
is inserted into the approximate center of said lobe. 



27. The method of claim 26 In which tissue adjacent 
said optical fiber is heated to about 45-52''C for a 
period of from about one to about 30 minutes. 



35 
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FIG, 7 
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